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COMMENTS 
On the sign anomaly in the experimental and theoretical 
dipole moment derivative of HeN 
A. B. M. S. Bassia) 
Quantum Theory Project. University of Florida. Gainesville. Florida 32601 
(Received 7 November 1977) 
Experimental1 and theoretica12 CNDO and ab initio 
calculated values for dipole moment derivatives for 
HCN molecule, have been reported. Both these theo-
retical results disagree with the relative sign of the 
stretching derivatives experimentally preferred in Ref. 
1. However, reportecf CNDO and ab initio values are 
quite different. Recently, the experimental data treat-
ment has been reviewed3 using the polar tensor tech-
nique4 and assuming the values for dipole moment de-
rivatives in relation to normal coordinates and force 
constants in Ref. 1. Comparing the HCN and the DCN 
polar tensors, the relative sign choice in Ref. 1 was 
confirmed. 3 Thus, if the experimentally preferred 
relative sign was wrong, the error should come from 
the assumed derivative or force constant values. 
The McLean and Yoshimine ab initio STO wavefunc-
tions5 used in Ref. 2 are optimized for energy calcula-
tions. Perhaps they are not so well-adapted for dipole 
moment derivative calculations. A Mulliken gross 
atomic population analysis performed on the electronic 
ground state at the equilibrium geometry obtained in the 
ab initio calculation reported here, displayed electronic 
charges 0.65 e on H, 5.98 e on C, and 7.37 e on N. 
Assuming a point charge model and supposing these 
charges are kept at their equilibrium values when the 
molecular geometry changes, the two stretching deriva-
tives would show the relative sign obtained in Ref. 2 
from both CNDO and ab initio calculations. However, 
in order to obtain the experimentally preferred relative 
sign, a very large amount of electrOnic charge must 
move to H when the H nucleus increases its distance 
from C nucleus. 2 The electronic charge involved will 
be almost exclusively due to the valence electrons. This 
is why a modest set of basis functions which stresses 
valence and hydrogen orbitals more than nitrogen and 
carbon core orbitals has been used here. Thus, at-
tempts have been made to obtain dipole moment deriva-
tive values which would agree with the experimental 
data on Ref. 1. However, as the nitrogen and carbon 
core orbitals make the main contributions to the molec-
ular electronic energy, these baSis functions are not 
expected to be optimum for energy calculations. 
For the C and N atoms a (9s5p1d/4s3p1d) CGTO basis 
set,6.7 with 0.4 and 0.75 being the exponents of C and N 
d orbitals, respectively, was used. The (8s2p/4s2p) 
CGTO basis set from Munich Basis Set Library was as-
Signed to the H atom. The Hartree-Fock iteractions 
were performed by the program ALCHEMY S which in-
terfaces the supermatrix output from MOLECULE. 9 
Dipole moment values at several geometries were ob-
tained from the resulting wavefunctions through the pro-
gram PROPERTY. 10 The ratios between dipole moment 
variations from the equilibrium value and the corre-
sponding space coordinate variations, were plotted 
against the coordinate variations. Then, the graphs 
were extrapolated to the equilibrium geometry, yielding 
the equilibrium dipole moment derivative values. All 
ratios refer to the electronic ground state equilibrium 
geometry calculated in this work. Equilibrium values 
obtained from this calculation, together with experimen-
tal and other calculated results are listed in Table I. 
The expected result that the molecular equilibrium 
geometry is linear was also confirmed. In Table I, 
Set B stands for a CGTOSCF calculation using a basis 
function set comparable to ours (Set A), but more ex-
tened (52 CGTO instead of 48, 4 more orbitals on each 
C and N atoms and 4 less orbitals on H atom). Set D 
refers to a very extensive CI calculation using 78 
CGTO. 
Table IT displays the theoretical derivative values 
which are almost identical to those reported in Ref. 2. 
Since, in this reference the linear behavior of the dipole 
moment for all near -equilibrium stretching motions 
was assumed from CNDO evidence only, this assump-
tion was considered as a possible source of error in 
the ab initio values reported there, which correspond 
to quite large t::.ti values. However, linearity was con-
firmed in the ab initio calculation described here within 
a maximum variation for Ap/ Ad values around 0.02 D/ 
A. The maximum Ad value used was ± O. 06 a. u. (1 
a. u. = O. 529 A). Three different values for t::.ticN and 
seven for t::.tiCH , the closest ones to equilibrium being 
± 0.01 a. u. were used. 
In Table II, the sign inconsistency is clearly shown. 
Several reasons indicate that more accurate SCF or 
even CI calculation will not change the sign of the flP/ 
TABLE I. Equilibrium energy, internuclear distances and di-
pole moment values. 
Set All Set Bb Set CC Set Db Expt. 
E (hartree)d 
- 92. 896 - 92.903 
- 93. 217 
dCN (A) 1. 130 1.128 1. 024 1.148 1. 1530 
dCH (A) 1. 056 1. 060 1.116 1. 064 1. 065" 
P (D/A)1 + 3. 21 + 3. 21 ±2.95K 
aThis calculation. 
~. P. Kraemer and G. H. F. Diercksen, Astrophys. J. 205, 
L97 (1976). 
cReference 2. 
d1 hartree = 27. 212 e V. 
"Strey and Mills, 1973. 
fA positive sign for the equilibrium dipole moment, p, implies 
that the N atom is at the negative end of the molecule. 
gAo L. McClellan,Tables of Experimental Dipole Moments 
(Freeman. San Francisco, 1963). 
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TABLE II. Equilibrium dipole moment derivative values. 
This STOSCF CNDO Expt. Expt. 
calc. (Ref. 2) (Ref. 2) (Ref. 1) (Ref. 3) 
ap/ GticHa + 1. 35 + 1. 34 + O. 27 '1'1. 03 '1'1. 00 
ap/ GticNa + O. 55 + O. 55 + 1. 21 ± O. 56 ±0.73 
ap/ Bdfla + 1. 24 + O. 93b ± 1. 06 ± 1. 05 
"dCH and dCN are axial distances between nuclei while d H is 
perpendicular distance to C-N axis. 
hrhis sign corresponds to coordinate definitions consistent with 
those used here. 
&i CH derivative (the high nitrogen electronegativity 
makes a negative sign for the ap/ adc N derivative im-
probable). Moreover, the calculated dipole moment 
derivative value for longitudinal carbon nucleus dis-
placement toward the nitrogen nucleus is + O. 82 DI A. 
Since apl &iCH - &pI &iCN :; + O. 80 DI A, this provides a 
check on the consistency among the values of all calcu-
lated longitudinal dipole moment derivatives. This 
arises from the expected polar tensor property, 4 apl 
aXH + &pI aXN + apl axc:; 0, as the carbon nucleus was 
placed at the origin and the hydrogen on the positive x 
axis, ~H:; Mc H and ~XN = - ~dc N' 
In summary, basis functions completely different 
from those used in Ref. 2 have been assumed in the 
hope of finding ab initio results in agreement with the 
experimental ones. Also, rigorous extrapolations of 
derivative values to the calculated equilibrium geometry 
were performed. However, the ab initio values report-
ed in Ref. 2 have been confirmed. Therefore it seems 
m£hly deSirable to reinvestigate the experimental in-
tensities and to re-examine the force constants present-
ed in Ref. 1. 
Thanks are due to Dr. Y. Ohrn for reviewing this 
manuscript, the Quantum Theory Project for providing 
programs and facilities, Dr. M. Hehenberger for his 
help in the computational problems, and Dr. W. B. Per-
son and Dr. R.E. Bruns for their attention. I am in-
debted to Funda'tao de Amparo a Pesquisa do Estado de 
Sao Paulo for a fellowship. Computer time was made 
available by grants from National Science Foundation 
and the A. F.O.S.R. 
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On the relative signs of the CH and CN dipole moment 
derivatives of HCN 
Donald F. Hornig 
Harvard School of Public Health. Bostoll. Massachusetts 02155 
(Received 8 March 1978) 
In the preceding comment,l it is noted that increaSingly 
sophisticated theoretical calculations2 contradict the 
experimental finding3 concerning the change in bond 
moments with internuclear distance in HCN. From in-
frared intensity measurements it was found that the 
signs of ap/arCH and ap/arCN are opposite, where p is 
the dipole moment. This means that if H becomes more 
positive when the C-H bond is stretched, N becomes 
less negative when the C=N bond is stretched (or vice 
versa). 
It should be pointed out that it seems entirely unlikely 
that more refined measurements will change this situa-
tion, since the experimental result follows from a gross 
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